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It has been reported that amino acid toxicity in animals varies with individual amino acids1-3). Toxic effects have been reported by SMITH4) for all the amino acids essential for chicks. However, the aim of his report was to determine the alleviating effect of arginine on the toxicities of various amino acids when these amino acids were supplemented at varying levels, and not to investigate and compare the toxicities of these amino acids supplemented at a constant level.
The present experiment was therefore undertaken to investigate the effect of excessive intakes of individual essential L-amino acids and compare their individual characteristics.
Hence, we studied the chicks given a diet containing 3% of each of the amino acids, L-valine, L-leucine, L-isoleucine, L-lysine, L-histidine, L-threonme, L-methionine, L-cystine, L-tyrosine, L-phenylalanine, L-tryptophan and glycine.
with continuous lighting. The composition of the basal diet is given in Table 1 . Basal diet contained 10% crude protein which was supplied by soybean protein fortified with methionine. Three percent of each amino acid was added to the basal diet at the expense of cornstarch. Diet and water were given ad libitum. The experiment was done using 4 chicks to each dietary treatment for 10 days; body weight and food intake were determined on alternate days.
At the end of the 10d. experimental period, blood samples were taken by cardiac puncture using a heparinized cyringe, transferred to a centrifuge tube and immediately centrifuged to separate the plasma.
Four samples of each treatment were pooled and deproteinized with 1% picric acid. The amino acid analysis of blood plasma was performed by the method of MOORE et al.5) using automatic ion-exchange chromatography (JEOL Model JLC-5AH, Japan Electron Optics Laboratory Co. Ltd., Tokyo) for the treatment of tyrosine, phenylalanine, valine, leucine, isoleucine and control. Table 2 gives the effect of feeding excessive single amino acids in a low protein diet on growth.
Results and Discussion
Diets containing excess L-arginine, glycine, L-valine, L-cystine and L-isoleucine showed little or slight growth inhibition.
Diets containing excess L-leucine, L-tyrosine, L-histidine, L-lysine, L-threonine and L-tryptophan showed apparent growth inhibition.
The severest growth inhibition was caused by L-phenylalanine-and L-methionine-excess diets. L-Methionine was the most toxic of all amino acids tested: only in this group was body weight reduced and two out of four chicks died during the course of the experiment.
Diet containing excess L-arginine caused no growth depression and had the tendency of improving body weight gain and food efficiency. Though the food intakes was depressed in the chicks given the diet containing excess glycine, growth of this group was not depressed and food efficiency was improved significantly (P<0.05). The improvement of Table 2 . Effect of 3% single amino acid supplementation on chicks fed a 10% protein diet growth and food efficiency in the arginine group, or improvement of food efficiency in the glycine group indicate that added arginine or glycine could be used as a nitrogen sources for chicks given a low protein diet. Arginine and glycine may be serving as sources of non-specific N by transamination and improving the amino acid balance with respect to essential: non-essential amino acid ratio. It rather depends on the mechanism of toxicity.
Glycine may be assisting in excretion of excess ammonia (toxic) produced from excess amino acids. VISEK7)showed arginine could prevent toxic effect of ammonia in rats because it stimulated synthesis of N-acetylglutamate needed for urea synthesis, but this seems likely to be less important in chicks which only have low urea cycle activity.
Significant growth depressions were observed in chicks given L-lysine, L-threonine, L-tryptophan, L-phenylalanine or L-methionine excess diets (P<0.01). Significant food intake depressions were observed in chicks given L-leucine, L-tyrosine, L-histidine, Llysine, L-threonine, L-tryptophan, L-phenylalanine or L-methionine excess diets (P<0.01).
Food efficiency was depressed significantly in chicks given L-tryptophan, L-phenylalanine or L-methionine excess diets (P<0.01).
Considering the growth depression and food intake in the present experiment, all amino acids tested could be roughly divided into three groups with respect to the degree of toxic effect on chicks: the first group which causes no or slight depression, L-arginine, glycine, Lvaline, L-cystine and L-isoieucine; the second group which causes a marked depression, L-leucine, L-tyrosine, L-histidine, L-lysine and L-threonine; the third group which causes the severest depression, L-tryptophan, L-phenylalanine and L-methionine.
It is of interest to note that though the structure of cystine resembles that of methionine or that of tyrosine resembles phenylalanine, cystine and tyrosine belong to less toxic group and methionine and phenylalanine to the most toxic group. This suggests that though the supplemental level of amino acids, the quality of diet, etc. were different, amino acid toxicity in chicks may be somewhat different from that in rats.
The concentration of free amino acids in the plasma of chicks given the diets supplemented high levels of a single amino acid are given in Table 3 . Though an increase in the plasma free amino acid which was added to the diet was common to the all amino acids tested, the extent of that amino acid varied with individual amino acids. The plasma free amino acid concentration of the amino acid supplemented was more than twenty times as much as that of control in the L-valine, L-tyrosine and L-phenylalanine groups, but only about twice as much as that of control in the leucine group. A large increase in tyrosine and not only phenylalanine in plasma was observed in the phenylalanine suppl-emented group, but as the peak of phenylalanine was masked by the greatly increased adjacent tyrosine peak in the tyrosine group, the precise concentration of plasma free phenylalanine could not be determined in this group. It is supposed that as tyrosine is produced by the metabolism of phenylalanine a large increase in plasma free tyrosine in the phenylalanine group may be attributed to the tyrosine synthesized from phenylalanine. Decrease in valine and isoleucine in plasma were observed in the leucine group, and decrease in valine in the isoleucine group, but such an effect was not observed in the valine group. With regard to valine, leucine and isoleucine, a similar effect was reported in rats given a diet containing excess leucine9,10) It is therefore possible that these effect may indicate the presence of a branched chain amino acid antagonism in chicks and this may require further investigation.
Summary
Excesses of single amino acids given in the diets of chicks from day 8 to day 18 depressed growth and food intake to varying degrees, which were dependent on the kind of amino acid supplemented. L-Methionine and L-phenylalanine caused the severest growth depression. L-Tryptophan, L-threonine, L-lysine, L-histidine, L-tyrosine and L-leucine were apparently toxic. All other amino acids tested, L-arginine, glycine, L-valine, Lcystine and L-isoleucine, showed no or only a slight effect.
An increase in the blood plasma concentration of the amino acid in dietary excess was observed, and the possible existence of a branched-chain amino acid antagonism was suggesested in chicks.
